Objective. e aims of this study were to determine the HCV-RNA viral load, genotype distribution, risk factors and symptoms of HCV-RNA positive viral load in HCV antibody-positive patients from north-eastern Croatia. Materials and methods. From January 2009 to December 2011, 203 HCV antibody-positive patients (130 men and 73 women; median age 44.5 years) were analyzed for HCV-RNA by the COBAS TaqMan HCV test and genotyped by the Linear Array HCV Genotyping test (both from Roche). All patients completed a structured questionnaire about risk factors and symptoms. Results.
Introduction
Hepatitis C virus (HCV) was discovered in 1989 as the main cause of 90% of cases of after-transfusion hepatitis, previously known as 'non-A, non-B hepatitis' . According to the World Health Organization (WHO), HCV infection is a global health problem. It is estimated that 7.3-8.8 million people in Europe are infected with HCV (1.1-1.3% of general population), leading to 86,000 deaths and 1.2 million of hospitalizations (1) . Two hundred cases of acute and a similar number of chronic infections with hepatitis C virus (HCV) are registered in Croatia every year. With an estimated 1.3% of HCV-positive persons in the general population, Croa-tia is one of the countries with a low HCV prevalence. Despite the legislation from 1992, which obliges all general practitioners to report infectious diseases to the Institute of Public Health (2) , HCV screening and its epidemiological treatment have still not been regulated. For instance, a 2006 study from Zagreb reported that 78% of family members of infected individuals were not being monitored nor informed about HCV transmission risks (2) . Moreover, high-risk individuals are not routinely surveyed for acute HCV infection.
Legislation has not included the regulation of epidemiological treatment of HCV infected individuals or their screening and informing them about all known HCV transmission risks, such as sexual intercourse, needle sharing among injection drug users etc. (3). It is not obligatory for Epidemiology Departments to monitor HCV-posi tive patients, but they do it through patient healthcare and contact tracing. A er a certain period they test the sexual partners of the patient or those that are at greater risk of infection.
Contaminated blood is the main route for HCV transmission. Since the introduction of the obligatory testing of voluntary blood donors for anti-HCV antibodies in 1993, the spread of HCV through transfusions and hemodialysis has been almost completely eliminated in Croatia. However, intravenous drugs, sharing injection needles and tools for tattoos and body-piercing are today the most common modes of HCV transmission. Sexual transmission, organ transplantation, and invasive diagnostic and therapeutic approaches are additional risk factors for HCV infection. In fact, each hospitalization, even without transfusion, is a risk factor for HCV infection (4) . e currently used strategy for combating HCV infection in Croatia is a combined therapy with pegylated-interferon and ribavirin (PEG-INF/RBV). It is o ered to individuals with two successively increased alanine aminotransferase (ALT) levels, stage F2 liver brosis (according to Ishak), co-infection with hepatitis B virus (HBV), human immunode ciency virus (HIV) or HCV genotypes 2 or 3, liver transplantation, and/or severe extra-hepatic symptoms.
e success of this approach is however low in patients infected with the HCV genotype 1, who respond ine ciently to therapy with PEG-INF/RBV and su er from many adverse side e ects (5). Moreover, due to the lack of routine screening of the highrisk population in our country, treatment of HCV infections begins at the chronic phase, which is more refractory to therapy and associated with an increased incidence of blood disorders, autoimmune disorders, skin conditions, and kidney disease (6) . Finally, many chronic patients have normal levels of liver enzymes and do not receive therapy.
North-east Croatia has a higher mortality rate from chronic HCV infections than the rest of the country. Chronic infectionrelated death is the 15 th cause of death nationwide but the 10 th cause in our county (7, 8) . e reason for this remains elusive due to the limited data about HCV epidemiology in this region.
erefore the aim of this study was to assess the genotype distribution, transmission risk factors, and symptoms of HCV infection in 203 HCV antibody-positive individuals from several cities of the Osijek-Baranja County. Our results suggest that early detection of HCV-RNA in the acute stage of the disease and genotyping of HCV-RNA positive patients could o er more e cient therapies.
Materials and methods

Study Population
Between January 2009 and December 2011, we analyzed the plasma samples of 203 HCV antibody-positive patients from north-eastern Croatia for HCV-RNA viral load (70.8% of patients were from Osijek, 9.5% were from Beli Manastir, 7.1% were from Našice, 6.9% were from Đakovo, 4.7% were from Donji Miholjac, and 0.5% each were from Valpovo and Belišće), who were referred to our department by general practitioners or family doctors. Of 203 participants, 130 (63%) were men and 73 (36%) women.
eir median age was 44.5 years (ages 22 to 82). All participants were informed about the protocol and study objective. ose who gave informed consent were interviewed by a structured questionnaire covering history of hemodialysis, surgical procedures, use of intravenous drugs, tattooing, unprotected sex, and suspected HCV symptoms, such as muscle pain and appetite loss.
Blood Collection
Blood samples were collected at the outpatient clinic of the Institute of Public Health of the Osijek-Baranja County.
e blood was collected in 8.5 ml PPT test-tubes (BD Plasma Preparation Tube, Becton Dickinson, Germany) containing a gel for plasma separation, and centrifuged for 10 min at 2,500 rpm/min (Hettich Rotanta 460 R, Germany) not later than 2 hours a er collection. Blood samples were stored at -20 o C in a vertical position.
Quantitative detection and genotyping of HCV
RNA was isolated from blood samples using the High Pure System Viral Nucleic Acid Kit (Roche Diagnostics, Mannheim, Germany) and quanti ed by the quantitative COBAS ® TaqMan ® HCV Test, v2.0 (Roche Diagnostics, Mannheim, Germany) using the CO-BAS TaqMan 48 instrument.
e lower detection limit for HCV-RNA was 25 IU/ ml. e HCV-positive plasma samples were further genotyped using the Amplicor HCV Specimen Preparation Kit, v 2.0 (Roche Diagnostics, Mannheim, Germany) and Linear Array Hepatitis C Virus Genotyping Test (Roche Diagnostics, Mannheim, Germany). All assays were performed according to the manufacturer's instructions. 
Statistical analysis
Results
HCV-RNA distribution by age and sex
HCV-RNA viral load was found in 124 (61.1%) of 203 HCV antibody-positive patients. Table 1 shows that the HCV-RNA viral load was found to be signi cantly higher (χ 2 , p=0.021) in patients older than 50 years (71.8%) compared to 21-50 year old HCV-RNA positive patients (55.3%). As shown in Table 1 , there was no signi cant di erence in the HCV-RNA positivity between women (58.9%) and men (62.3%).
HCV genotype distribution
Genotype 1 was the most prevalent (79.8%), followed by 3 and 4 (12.9 and 6.5%, respectively). Genotype 2 was the rarest genotype as it was detected in only one, 63-year old patient. Genotypes 5 and 6 were not detected (Figure 1) .
While there was no signi cant genderrelated variation in the distribution of HCV genotypes, their age-related distribution differed ( Figure 2 ).
We found a statistically signi cant di erence between the distribution of genotypes between the ve age groups (Kruskal-Wallis ANOVA, p=0.0055), with a mean rank of 67.81 for genotype 1, 112 for 2, 35.16 for 3, and 45.25 for 4. Post hoc analysis showed that the age-related distribution of genotype 3 infection signi cantly di ered from 1 and 2 (p<0.05). Figure 3 shows that the patients infected with genotype 1 have a higher tendency to be older (median age, 50 years) than those infected with 3 (median, 33.5 years) or 4 (median, 38 years). However, these di erences in median age were not signi cant (Kruskal-Wallis, p=0.3679). 
Risk factors and symptoms
Discussion
Comprehensive epidemiological data on hepatitis C infection in HCV antibody-positive patients from north-eastern Croatia is limited. Only one study has so far analyzed the distribution of HCV genotypes in 111 infected patients from this region (9) . e aim of our work was thus to assess the HCV genotype distribution for tailoring therapeutic modalities. e HCV-RNA percentage in HCV antibody-positive patients in our community was 61.1% (124/203). Similar disparities in ratio between HCV antibody-positive and HCV-RNA viral load detectable plasma levels have been reported by others (10, 11) .
Another important nding of this study is that older patients (>50 years) su ered signi cantly more from HCV-RNA viral load than younger (<50) ones, which is dissimilar to studies conducted in Brazil and the USA (10, 12) . e reasons for this could be mainly because older patients had a greater probability of undergoing blood transfusions and surgery before 1993.
e distribution of HCV genotypes in north-eastern Croatia was similar to other European countries: genotype 1 was the most common type (79.8%), followed by 3 (12.9%), 4 (6.5%) and 2 (0.8%). Genotype 1 prevalence in our region was thus lower than in Romania (97.7%), Hungary (94.5%), Bulgaria (80.8%) but higher than in Slovenia (79%), Germany (70%), Belgium (60%), Serbia (57.6%), Italy (57%), and the Netherlands (49.3%) (13) (14) (15) . Genotype 1 was the most prevalent genotype in this study, similar to that in HCV-RNA positive patients from other European countries and worldwide (16, 17) . Compared to our region, the lower prevalence of genotype 1 in HCV-RNA positive patients from western Europe may be due to earlier diagnosis of HCV infection.
e genotype 3 prevalence in HCV-RNA positive patients in Croatia appeared to be region-speci c. While we found that its prevalence in north-eastern Croatia was relatively low (12.9%), genotype 3 prevalence in western Croatia was much higher (43.7%) (9) . As the latter study included high-risk subjects residing in Split, a second-largest Croatian city with a large number of drug addicts, this may explain the di erence between their and our results. Compared to other countries, the prevalence of genotype 3 in our study was higher than in Italy (5.9%) but lower than in India (63%) (17) , Luxemburg (33%), the Netherlands (29%), Germany (26%) (13, 18) and Serbia (21.2%) (15) . e prevalence of genotype 4 infection in HCV-RNA positive patients of north-eastern Croatia was low (6.5%), similar to that in Serbia and Hungary (5% each) but lower than in Belgium (15%) and the Netherlands (11%) (13) (14) (15) . e higher genotype 4 prevalence in western Europe than in our region may be explained by the fact that genotype 4 has spread from central Africa and the Middle East to Europe by population migration (16, (19) (20) . Finally, the rarest HCV type in our community was genotype 2. Its prevalence (0.8%) was much lower than in other European countries: Italy 52.4% (21), the Netherlands 10% (18), Belgium 5% (13), Slovenia 5.2% (22) , and India 5.6% (17) . More studies with a higher number of HCV antibody-positive participants are necessary to con rm the rarity of genotype 2 infection in our community and to verify its putative correlation with increased age.
Another interesting nding of this study was that genotype 1 infections were more common in older patients, which is very similar to the ndings in HCV infected patients in Vienna and the surrounding areas (23), due to two reasons: patients with genotypes 2 and 3 infection are more responsive to the standard combination of PEG-INF/ RBV therapy compared to genotype 1 infection, and the most HCV infections through blood transfusion are caused by 1 (14, 18, 23) . Carrion et al. (24) found that the prevalence rate of genotype 1 increased with age amongst the European population. In contrast, genotype 3 and 4 HCV infections were common in younger patients. is could be caused by several factors: rstly, the higher level of risky behavior of genotype 3-infected patients.
ey were signi cantly more frequently injection drug users than those infected with genotype 1 (50 vs. 24%, respectively, p=0.0374). A similar correlation between intravenous drug use and genotype 3 infections was reported previously. Secondly, genotype 4 infections spread by migration, which may explain why these infections were more common in younger patients (25) (26) (27) . irdly, genotype 1 infections are more refractory to PEG-INF/RBV (23) and may thus remain detectable in older HCV infected patients.
Blood transfusion, intravenous drug use, tattooing, and body-piercing have been the main routes of HCV transmission (28) . We found blood transfusion before 1993 as a risk factor signi cantly associated with HCV infection. is is not surprising since the obligatory analysis of donated blood for anti-HCV antibodies in Croatia began in 1993. Similar ndings were reported in Central Africa (29), Brazil (10) and Jordan (30) . Unexpectedly, however, factors such as intravenous drug usage and tattooing did not signi cantly associate with HCV infection in north-eastern Croatia, contrary to data from other studies (31) (32) (33) . Whether this is due to the small number of participants in our study remains to be elucidated.
Conclusion
In conclusion, despite some limitations (the low number of participants and missing epidemiological evidence about their age at the time of infection and administered therapy), this study was the rst to indicate that the majority of HCV-RNA positive patients in north-eastern Croatia were infected with genotype 1. Moreover, it demonstrated that the prevalence of genotype 1 was more pronounced in individuals older than 50 than in other Croatian regions. Due to the aging trend of our community, we might experience a rise in the incidence of genotype 1 infections, especially in individuals with a history of transfusion before 1993. Due to the refractory nature of genotype 1 infection to the PEG-INF/RBV, the nancial burden related to its medical treatment might thus surpass the current 19,000 Euro/year (Clinical Health Center Osijek). Routine HCV-RNA-based screenings of high-risk individuals (such as injection drug users, young people with numerous tattoos and/or bodypiercing, dialyzed or immunosuppressed patients) would help in the earlier detection of acute stage HCV infections in our community. In addition, HCV genotyping and more e cient therapies for genotype 1 infections, i.e. with protease inhibitors and PEG-INF/ RBV therapy (34, 35) , would help in diminishing the HCV-related medical costs.
